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Background and purpose   Low-virulence implant infections are 
characterized by bacterial colonization of the implant with subse-
quent biofilm formation. In these cases, soft tissue biopsies often 
prove to be culture negative. Consequently, detachment of the 
causative adherent bacteria is crucial for correct microbiological 
diagnosis. Using an in vitro model, we compared 4 methods of 
biofilm sampling from metal surfaces.
Methods   Discs of titanium and steel were incubated in the 
presence  of  Staphylococcus  aureus,  Staphylococcus  epidermidis, 
Enterococcus  faecalis,  and  Propionibacterium  acnes  in  Mueller 
Hinton broth. Non-adherent bacteria were removed by repeated 
rinsing of the discs. 10 parallels of each disc were subjected to 1 of 
4 methods for bacterial recovery: (A) sonication of the discs, (B) 
scraping of the discs using surgical blades followed by streaking of 
the blades onto agar plates, (C) scraping of the discs followed by 
vortex mixing of the surgical blades, and (D) scraping of the discs 
followed by sonication of the surgical blades. Quantitative bacte-
rial cultures were performed for each sampling method.
Results   With the exception of S. epidermidis on steel, sonication 
efficiently and reliably dislodged biofilm bacteria. The scraping 
methods employed did not detach bacteria embedded in biofilm.
Interpretation   Scraping of metal surfaces is not an adequate 
method for sampling of biofilm bacteria in vitro.

Prosthetic joit ifectio (PJI) is a devastatig complicatio 
occurrig i about 1% ad 2% of patiets receivig a hip or 
kee prosthesis, respectively (Wilso et al. 1990, Espehaug et 
al. 1997, Phillips et al. 2006). Whereas diagosis of a early 
postoperative PJI is usually straightforward, the diagosis of a 
late or chroic PJI is otoriously difficult. Both a late, chroic 
PJI ad aseptic prosthetic looseig preset cliically with 
implat looseig ad joit pai, ad there are usually few 
sigs of iflamatio (Zimmerli et al. 2004). I late PJI, the 
sesitivity of culture of periprosthetic biopsies is i the rage 
of 65–89% (Atkis et al. 1998, Spagehl et al. 1999, Padey et 
al. 2000).The iadequacy of culture i this settig is probably 
best explaied by the biofilm mode of growth of bacteria o 
a biomaterial surface (Gristia ad Costerto 1985). Correct 
idetificatio ad susceptibility testig of bacteria causig a 
PJI is essetial for the successful treatmet of PJI (Hasse 
ad Spagehl 2004).
 I order to circumvet the obstacle of the biofilm i retriev-
ig  bacteria  from  the  implat  surface,  alterative  strate-
gies have bee developed (Trampuz et al. 2003). I the past 
decade,  soicatio—i.e.  ultrasoic  eergy  applied  directly 
to the biomaterial surface to disrupt adheret biofilm—has 
bee reported to be a more reliable tool for the diagosis of 
PJI (Tuey et al. 1999, Nguye et al. 2002, Trampuz et al. 
2007, Esteba et al. 2008). Soicatio of a large explated 
prosthesis is, however, techically demadig ad carries a 
substatial risk of cotamiatio durig hadlig (Trampuz et 
al. 2006). Cosequetly, soicatio has ot bee implemeted 
as a stadard procedure for diagosis of chroic prosthetic 
joit ifectio. 
Mechaical scrapig of surfaces is ofte used for specime 
collectio ad is the method of choice for certai ifectios, 
e.g. ifectious keratitis (Hall ad York 2004). I theory, scrap-
ig the surface of a removed implat represets a techically 
easy alterative for mechaical removal of adheret biofilm 
bacteria. It has bee hypothesized that the results of scrapig 
could be improved by either vortex mixig or soicatio of 
the scrapig product (Costerto et al. 1986). Scrapig, eve 
followed by vortex mixig or soicatio of the surgical blade, 
is cosiderably less complicated tha soicatio of a large 
prosthesis. However, we are ot aware of ay experimetal 
i vitro or i vivo study o scrapig as a method for detach-
met of bacteria from metal implats. To our kowledge, oly 
oe cliical study has dealt with the use of scrapig of joit 
prostheses i order to improve bacterial detectio. Neut et al. 
(2003) foud that as a diagostic tool, scrapig was better tha 
covetioal methods, i.e. culture of periprosthetic soft tissue 
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detectio by scrapig was superior to the results preseted i 
most soicatio studies. 
If equally effective, scrapig would be preferable to soica-
tio due to its techical simplicity. We here report a i vitro 
compariso of the recovery of biofilm bacteria from metal sur-
faces by soicatio ad by 3 differet scrapig techiques.
 
Material and methods
Sterilized  titaium  (Ti6Al4V)  ad  steel  (AIS1316-L)  discs 
were coloized by 1 of 4 differet bacterial strais (Figure 1). 
All strais were cliical isolates from patiets with chroic 
PJI. The bacterial strais were idetified to the species level 
by  biotypig  ad/or  stadard  microbiological  procedures: 
Staphylococcus  aureus  (coagulase-positive,  uc-positive 
staphylococcus), Staphylococcus epidermidis (ID-32 STAPH; 
bioMèrièux,  Marcy  l’Etoile,  Frace;  profile:  166010210), 
Enterococcus faecalis (rapid ID 32 STREP; bioMèrièux; pro-
file: 30721715171), ad Propionibacterium acnes (rapid ID 
32A; bioMèrièux; profile: 2503377604).
Cofocal scaig laser microscopy (CSLM) was employed 
to cofirm the 24-hour biofilm formatio ability of each strai. 
8 study groups were examied (Table 1). Bacteria were sus-
peded  i  25  mL  of  Mueller  Hito  broth  (BD,  Frakli 
Lakes, NJ) ad icubated at 35ºC util a spectrophotometric 
desity of approximately 1 × 108 coloy formig uits/mL 
(CFU/mL) had bee reached i the expoetial growth phase. 
A batch of 40 discs (oe study group) was immersed i this 
bacterial suspesio bath ad icubated at 35ºC for 24 h o a 
getly stirrig agitator (20 rpm). 
To remove o-adheret bacteria, the discs were rised 6 
times i sterile salie. First, the discs for each study group were 
placed i a sterile plastic tube (Sarstedt, Norway) cotaiig 
25 mL salie ad getly vortex mixed (MS2 Miishaker; IKA 
Works Ic., Wilmigto, NC) at 100 rpm for 10 secods. The 
discs were the trasferred to aother tube, ad the procedure 
was repeated twice. Each sigle disc was the trasferred to 
a sterile glass test tube cotaiig 5 mL salie ad subjected 
to vortex mixig at 100 rpm. The sigle disc risig was also 
repeated 3 times.
Aliquots of 50 µL salie were icubated o agar (Merck, 
Darmstadt, Germay) with 5% ox blood at 35ºC for 3 days. 
For culture of P. acnes, FAA agar (Merck) was icubated i a 
aaerobic cabiet for 7 days. The bacteria cultured were eu-
merated by coloy coutig. The umber of CFU after fial 
risig was recorded as a quatitative baselie, facilitatig 
evaluatio of the differet detachmet methods.
Each experimetal group (10 discs) was subjected to 1 of 4 
methods for biofilm detachmet ad bacterial recovery. The 
experimetal desig is summarized i Table 1.
Method A (sonication of discs) 
Each sigle disc was trasferred ito a sterile plastic cotaier 
(Miigrip, Segui, TX) cotaiig 5 mL salie. The cotaier 
was sealed ad immersed i a ultrasoic bath (TPC-120; Tel-
soic AG, Broschhofe, Switzerlad). Soicatio at 30 kHz 
with a power output of 300W, as specified by the maufac-
turer, was performed at 37°C for 5 mi. After soicatio, ali-
quots of 50 µL were icubated as described above.
Method B (scraping of discs with direct culture)
Thorough scrapig of the complete surface of the disc was 
performed usig a sterile surgical blade. The disc was fixed 
Figure 1. Titanium discs (left) and steel alloy discs (both from Scan-
dinavian Customized Prosthesis AS, Trondheim, Norway) served as 
surfaces for biofilm formation, with roughness of Ra = 2.5 µm and Ra < 
0.5 µm for titanium and steel discs, respectively. All discs were manu-
factured with a diameter of 17 mm and a thickness of 2 mm. 
Table 1. Overview of the study design
    Biofilm-forming bacteria
   S. aureus   S. epidermidis   E. faecalis   P. acnes
Experimental   Titanium discs  Steel discs  Titanium discs  Steel discs  Titanium discs  Steel discs  Titanium discs  Steel discs
groups  a  n = 40   n = 40  n = 40   n = 40   n = 40  n = 40  n = 20  n = 20
A    +   +  +  +  +  +  +  + 
B    +  +  +  +  +  + 
C   +  +  +  +  +  +  +  +
D   +  +  +  +  +  +  
a Biofilm detachment was conducted as follows: (A) sonication of discs; (B) scraping of discs with direct culture by streaking the surgical blade 
directly onto an agar plate; (C) scraping of discs followed by vortex mixing of the surgical blade; (D) scraping of discs followed by sonication of 
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betwee the thumb ad the idex figer. 1 surgical blade was 
used for each disc. Seedig was doe by streakig both sides 
of the surgical blade oto a agar plate, followed by icuba-
tio as described above.
Method C (scraping of discs followed by vortex 
mixing of the surgical blade)
Scrapig was performed as described for method B. After 
scrapig,  each  sigle  surgical  blade  was  trasferred  ito  a 
glass test tube cotaiig 5 mL salie before vortex mixig at 
2,000 rpm for 30 secods. After vortex mixig, a aliquot of 
50 µL from each tube was icubated as described above.
Method D (scraping of discs followed by sonication 
of the surgical blade)
Scrapig was performed as described for method B. After 
scrapig, each surgical blade was soicated i 5 mL salie 
ad aliquots of 50 µL were icubated as described above. 
To prevet cotamiatio, sterile forceps ad sterile surgical 
gloves were used durig hadlig of the discs ad the surgical 
blades. All procedures were performed i a lamiar airflow 
cabiet.
 Compariso of methods A, B, C, ad D was doe for S. 
aureus, S. epidermidis, ad E. faecalis. Culture of P. acnes 
requires aaerobic coditios. Due to the restraied storage 
capacity i a aaerobic cabiet, we were compelled to reduce 
the umber of agar plates icubated. Hece, oly methods A 
ad C were compared for P. acnes. 
Statistics
The 4 methods were compared usig a Kruskal-Wallis test 
(SPSS software). 2 group comparisos were computed with 
Ma-Whitey test. Statistical sigificace was cosidered at 
p ≤ 0.05.
Results
The risig procedure efficietly removed o-adheret bac-
teria (Figure 2). The results were uiform i 7 of the 8 study 
groups: S. aureus o titaium ad steel discs, S. epidermidis 
o titaium discs, E. faecalis o titaium ad steel discs, ad 
P.  acnes  o  titaium  ad  steel  discs.  Firstly,  soicatio  of 
discs (method A) allowed retrieval of more bacteria tha ay 
of the scrapig techiques (p < 0.001, Figure 3). Secodly, 
the umber of CFUs detected after soicatio of discs was 
higher compared to culture of the salie used for the fial ris-
ig step (p < 0.001). Thirdly, all scrapig techiques allowed 
recovery of fewer bacteria compared to the fial risig step. 
Fially, oly soicatio recovered bacteria i 10 of 10 par-
allels, i cotrast to scrapig which yielded highly variable 
results (Table 2).
For S. epidermidis o steel discs, bacterial recovery was 
geerally low (Figure 3). Soicatio of steel discs did ot yield 
more S. epidermidis tha fial risig (p = 0.3), ad bacterial 
growth was observed i oly 7 of 10 parallels (Table 2).
There  was  o  statistically  sigificat  differece  i  the 
umber of S. epidermidis coloies recovered by soicatio of 
steel discs (method A) ad scrapig followed by soicatio of 
the surgical blade (method D) (p = 0.4; Figure 3). However, 
both method A ad method D allowed recovery of more bac-
teria tha scrapig ad direct culture (method B) ad scrapig 
followed by vortex mixig of the surgical blade (method C) 
(p < 0.05). 
 
Discussion
Our study was udertake to retrieve bacteria from biofilms 
o titaium ad steel surfaces usig a i vitro model, ad 
to compare differet methods of biofilm disruptio for subse-
quet culture. With the exceptio of S. epidermidis o steel, our 
fidigs clearly show that soicatio is capable of detachig 
bacteria i this model. The various scrapig methods proved 
to be isufficiet by demostratig a lower yield ad highly 
icosistet results. This coclusio is based o the cocept 
that i order to disrupt bacteria from a biofilm, the umber of 
bacteria recovered must be icreased compared to what ca be 
observed after the fial step of repeated washig. 
These results also preset circumstatial evidece of the 
successful establishmet of biofilms o the metal surface. 
The oe study group that was differet quatitatively was 
S. epidermidis o steel. Here, we caot rule out the pos-
sibility that there was a poorly developed biofilm cotaiig 
a low umber of bacteria—eve though i a separate study 
biofilm matrix was evidet by CSLM after calcofluor white 
staiig. A alterative iterpretatio is that ot eve soica-
tio effectively dislodges a S. epidermidis biofilm from steel 
surfaces.
Figure 2. Arithmetic mean of the number of CFUs cultured after rinsing 
steps 4, 5, and 6 (final step) in all study groups. For 2 study groups (P. 
acnes on titanium and steel discs) culture was performed only after the 
final step due to limited anaerobic culture capacity. 
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There are several methodological cosideratios relevat to 
our study. A umber of i vitro models for biofilm formatio 
exist (Mombelli 1999). We used a dyamic versio of a closed 
system  biofilm  method  with  stadard  coditios  of  fluid 
motio ad temperature to culture biofilms simultaeously o 
40 discs (Christese et al. 2000, Sissos et al. 2000). The 
time allowed for biofilm formatio also varies cosiderably. 
Overight (18-hour), 24- or 48-hour icubatio periods have 
bee recommeded for biofilm formatio i vitro (A ad 
Friedma 1997). Most ivestigators use icubatio periods 
from just a few hours up to 24 hours (Christese et al. 1987, 
Tollefso et al. 1987, Olso et al. 1988, Khardori ad Yassie 
1995, Vadecasteele et al. 2003, va der Borde et al. 2004). 
The bacterial species we studied, S. aureus, S. epidermidis, E. 
faecalis, ad P. acnes, are all commo causative microbes i 
chroic prosthetic ifectios (Tsukayama et al. 1996, Berbari 
et al. 1998, Letio 2003, Zeller et al. 2007). A disadvatage 
of usig cliical isolates as opposed to referece strais is the 
icomplete kowledge of their detailed biofilm characteristics 
ad limited applicatio i laboratories (Oliveira et al. 2007). 
The cliical strais we employed had a priori demostrated 
their ability to establish cliically relevat biofilm ifectios 
o joit prostheses.
I routie orthopedic surgery, several differet foreig mate-
rials are regularly implated, e.g. boe cemet, polyethylee 
compouds, ad differet metal alloys. Biomaterials have dif-
feret affiities for bacteria (Oga et al. 1993). I geeral, a 
icrease i surface roughess ehaces bacterial coloizatio 
ad early biofilm formatio (Arold ad Bailey 2000). Both 
the surface roughess of the discs ad the metal alloy we used 
to make them were similar to those foud i commoly used 
hip prostheses (Fures et al. 2007). 
The purpose of soicatio to improve the diagosis of PJI is 
to detach biofilm bacteria o the implat surface usig ultra-
soic eergy (above 20 kHz). For subsequet culture, the bac-
teria must still be viable after soicatio. Before the study, we 
had soicated each of the 4 bacterial strais for 20 mi without 
Figure 3. Scatter plot of number of CFUs recovered after bacterial sampling on titanium and steel discs. The bin size indicates the number of discs 
for which identical numbers of CFUs were retrieved. 
Table 2. Rate of successful bacterial recovery (10 parallels in each 
experimental group)
  Method
  A   B   C   D
S. aureus    
   Titanium   10/10   10/10   7/10   5/10
   Steel   10/10   9/10   2/10   0/10
S. epidermidis    
   Titanium   10/10   5/10   1/10   8/10
   Steel   7/10   1/10   0/10   6/10
E. faecalis    
   Titanium   10/10   10/10   10/10   4/10
   Steel   10/10   9/10   4/10   6/10
P. acnes    
   Titanium   10/10      1/10 
   Steel   10/10      1/10 Acta Orthopaedica 2009; 80 (2): 245–250  249
observig ay bactericidal effect (data ot show). Kobayashi 
et al. (2007) recommeded a soicatio time of betwee 1 
ad 5 mi as beig ideal for dislodgig biofilm bacteria with-
out  affectig  bacterial  viability.  Ivestigators  usig  soica-
tio should report the maufacturer ad model umber of the 
equipmet, the output power, oscillatio frequecy, reactio 
volume, fluid temperature, ad soicatio time (Christese 
et al. 1995). Soicatio at about 50 Hz is sometimes reported 
(Tuey et al. 1999, Nguye et al. 2002, Baysto et al. 2007). 
Reportig this pretrasduced electric frequecy is i our opi-
io misleadig ad cofusig, because o dislodgemet of 
biofilm will occur at 50 Hz. 
I a cliical cotext, soicatio of a large explated prosthe-
sis is techically demadig ad carries a sigificat risk of 
cotamiatio durig hadlig. Thus, the ecouragig results 
obtaied from scrapig the prosthesis ad directly ioculatig 
the agar plate idicated that scrapig is a beeficial method 
due to its techical simplicity (Neut et al. 2003). However, 
these  results  have  ot  bee  reproduced  by  other  research 
groups. The results from our i vitro study idicate that scrap-
ig, eve followed by post-scrapig procedures for disruptig 
the biofilm, is ot a efficiet techique for dislodgemet of 
biofilm bacteria.
To coclude, with the exceptio of S. epidermidis o steel, 
we  have  demostrated  that  soicatio  efficietly  dislodges 
bacteria from biofilms geerated i vitro o titaium ad steel 
surfaces. Scrapig of metal surfaces caot be recommeded 
as a method for diagosis of biofilm-related ifectio. Further 
studies o soicatio are warrated, as are studies comparig 
methods for biofilm samplig i vivo.
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of the mauscript. GB performed the experimets.
Olav A. Foss ad Jomar Klaksvik are gratefully ackowledged for their help 
i data aalysis, ad Øyvid Halaas for performig biofilm verificatio by 
cofocal scaig laser microscopy.
No competig iterests declared.
A Y H, Friedma R J. Laboratory methods for studies of bacterial adhesio. 
J Microbiol Methods 1997; 30: 141-52.
Arold J W, Bailey G W. Surface fiishes o stailess steel reduce bacte-
rial attachmet ad early biofilm formatio: Scaig electro ad atomic 
force microscopy study. Poult Sci 2000; 79 (12): 1839-45.
Atkis B L, Athaasou N, Deeks J J, Crook D W M, Simpso H, Peto T 
E A,  McLardy-Smith  P,  Beredt A  R.  Prospective  evaluatio  of  crite-
ria for microbiological diagosis of prosthetic-joit ifectio at revisio 
arthroplasty. J Cli Microbiol 1998; 36 (10): 2932-9.
Baysto R, Ashraf W, Barker-Davies R, Tucker E, Clemet R, Clayto J, Free-
ma B J C, Nuradee B. Biofilm formatio by Propioibacterium aces 
o biomaterials i vitro ad i vivo: impact o diagosis ad treatmet. J 
Biomed Mater Res A 2007; 81 (3): 705-9.
Berbari E F, Hasse A D, Duffy M C, Steckelberg J M, Ilstrup D M, Harm-
se W S, Osmo D R. Risk factors for prosthetic joit ifectio: Case-co-
trol study. Cli Ifect Dis 1998; 27 (5): 1247-54.
Christese  G  D,  Baddour  L  M,  Simpso W A.  Pheotypic  variatio  of 
Staphylococcus epidermidis slime productio i vitro ad i vivo. Ifect 
Immu 1987; 55 (12): 2870-7.
Christese G D, Baldassarri L, Simpso W A. Methods for studyig micro-
bial coloizatio of plastics. Methods Ezymol 1995; 253: 477-500.
Christese G D, Simpso W A, Agle J O, Gaior B J. Methods for evaluat-
ig attached bacteria ad biofilms. A overview. I: Hadbook of bacterial 
adhesio. Priciples, methods ad applicatio. (Eds.A YH, Friedma RJ). 
Humaa Press Ic. Totowa. New Jersey 2000; 213-33.
Costerto J W, Nickel J C, Ladd T I. Suitable methods for the comparative 
study of free-livig ad surface associated bacterial populatios. I: Bac-
teria i ature. (Ed. Leadbetter E R). Pleum Publishig Corp. New York 
1986; 2: 49-84.
Espehaug B, Egesaeter L B, Vollset S E, Haveli L I, Lagelad N. Ati-
biotic prophylaxis i total hip arthroplasty - Review of 10 905 primary 
cemeted total hip replacemets reported to the Norwegia arthroplasty 
register, 1987 to 1995. J Boe Joit Surg (Br) 1997; 79 (4): 590-5.
Esteba J, Gomez-Barrea E, Cordero J, Marti-de-Hijas N Z, Kiari T J, 
Feradez-Roblas R. Evaluatio of quatitative aalysis of cultures from 
soicated retrieved orthopedic implats i diagosis of orthopedic ifec-
tio. J Cli Microbiol 2008; 46 (2): 488-92.
Fures O, Haveli L I, Espehaug B, Steidal K, Sørås T. Report 2007. The 
Norwegia Arthroplasty Register. Berge 2007
Gristia A G, Costerto J W. Bacterial adherece to biomaterials ad tissue—
the sigificace of its role i cliical sepsis. J Boe Joit Surg (Am) 1985; 
67 (2): 264-73.
Hall G S, York M K. Ocular cultures. I: Cliical Microbiology Procedures 
Hadbook, secod editio (Ed. Iseberg H D). ASM Press. Washigto 
DC 2004; 1: 3.10.3.
Hasse A D, Spagehl M J. Treatmet of the ifected hip replacemet. Cli 
Orthop 2004; (420): 63-71.
Khardori N, Yassie M. Biofilms i Device-Related Ifectios. J Id Micro-
biol 1995; 15 (3): 141-7.
Kobayashi N, Bauer T W, Tuohy M J, Fujishiro T, Procop G W. Brief ultra-
soicatio improves detectio of biofilm-formative bacteria aroud a metal 
implat. Cli Orthop 2007; (457): 210-3.
Letio J R. Prosthetic joit ifectios: Bae of orthopedists, challege for 
ifectious disease specialists. Cli Ifect Dis 2003; 36 (9): 1157-61.
Mombelli A. I vitro models of biological resposes to implat microbiologi-
cal models. Adv Det Res 1999; (13): 67-72.
Neut D, va Hor J R, va Koote T G, va der Mei H C, Busscher H J. Detec-
tio of biomaterial-associated ifectios i orthopaedic joit implats. Cli 
Orthop 2003; (413): 261-8.
Nguye L L, Nelso C L, Saccete M, Smeltzer M S, Wassell D L, McLare 
S G. Detectig bacterial coloizatio of implated orthopaedic devices by 
ultrasoicatio. Cli Orthop 2002; (403): 29-37.
Oga M, Arizoo T, Sugioka Y. Bacterial adherece to bioiert ad bioactive 
materials studied i vitro. Acta Orthop Scad 1993; 64 (3): 273-6.
Oliveira M, Nues S F, Careiro C, Bexiga R, Berardo F, Vilela C L. Time 
course of biofilm formatio by Staphylococcus aureus ad Staphylococcus 
epidermidis mastitis isolates. Vet Microbiol 2007; 124 (1-2): 187-91.
Olso M E, Ruseska I, Costerto J W. Coloizatio of ormal-butyl-2-cyao-
acrylate tissue adhesive by staphylococcus epidermidis. J Biomed Mater 
Res 1988; 22 (6): 485-95.
Padey R, Beredt A R, Athaasou N A. Histological ad microbiological 
fidigs i o-ifected ad ifected revisio arthroplasty tissues. Arch 
Orthop Trauma Surg 2000; 120 (10): 570-4.
Phillips  J E, Crae T P, Noy M, Elliott T S, Grimer R J. The icidece of deep 
prosthetic ifectios i a specialist orthopaedic hospital: a 15-year prospec-
tive survey. J Boe Joit Surg (Br) 2006; 887: 943-8.250  Acta Orthopaedica 2009; 80 (2): 245–250
Tsukayama D T, Estrada R, Gustilo R B. Ifectio after total hip arthroplasty 
- A study of the treatmet of oe hudred ad six ifectios. J Boe Joit 
Surg (Am) 1996; 78 (4): 512-23.
Tuey M M, Patrick S, Curra M D, Ramage G, Haa D, Nixo J R, 
Gorma S P, Davis R I, Aderso N. Detectio of prosthetic hip ifec-
tio at revisio arthroplasty by immuofluorescece microscopy ad PCR 
amplificatio of the bacterial 16S rRNA gee. J Cli Microbiol 1999; 37 
(10): 3281-90.
va der Borde A J, va der Werf H, va der Mei H C, Busscher H J. Electric 
curret-iduced detachmet of Staphylococcus epidermidis biofilms from 
surgical stailess steel. Appl Eviro Microbiol 2004; 70 (11): 6871-4.
Vadecasteele S J, Peetermas W E, Merckx R, Va Eldere J. Expressio of 
biofilm-associated gees i staphylococcus epidermidis durig i vitro ad 
i vivo foreig body ifectios. J Ifect Dis 2003; 188 (5): 730-7.
Wilso M G, Kelley K, Thorhill T S. Ifectio as a complicatio of total 
kee-replacemet arthroplasty. Risk factors ad treatmet i sixty-seve 
cases. J Boe d Joit Surg (Am) 1990; 72 (6): 878-83.
Zeller V, Ghorbai A, Strady C, Leoard P, Mamoudy P, Desplaces N. Propi-
oibacterium aces: a aget of prosthetic joit ifectio ad coloizatio. 
J Ifect 2007; 55 (2): 119-24.
Zimmerli W, Trampuz A, Ochser P E. Curret cocepts: Prosthetic-joit 
ifectios. N Egl J Med 2004; 351 (16): 1645-54.
 
Sissos C H, Wog L, A Y H. Laboratory culture ad aalysis of micro-
bial biofilms. I: Hadbook of bacterial adhesio. Pricipals, methods ad 
applicatio. (Eds. A Y H, Friedma R J). Humaa Press Ic. Totowa. New 
Jersey 2000: 133-69.
Spagehl M J, Masri B A, O’Coell J X, Duca C P. Prospective aalysis of 
preoperative ad itraoperative ivestigatios for the diagosis of ifectio 
at the sites of two hudred ad two revisio total hip arthroplasties. J Boe 
Joit Surg (Am) 1999; 81 (5): 672-83.
Tollefso D F, Badyk D F, Kaebick H W, Seabrook G R, Towe J B. Surface 
biofilm disruptio. Ehaced recovery of microorgaisms from vascular 
prostheses. Arch Surg 1987; 122 (1): 38-43.
Trampuz A, Osmo D R, Hasse A D, Steckelberg J M, Patel R. Molecular 
ad atibiofilm approaches to prosthetic joit ifectio. Cli Orthop 2003; 
(439): 69-88.
Trampuz A, Piper K E, Hasse A D, Osmo D R, Cockerill F R, Steckelberg 
J M, Patel R. Soicatio of explated prosthetic compoets i bags for 
diagosis of prosthetic joit ifectio is associated with risk of cotamia-
tio. J Cli Microbiol 2006; 44 (2): 628-31.
Trampuz A, Piper K E, Jacobso M J, Hasse A D, Ui K K, Osmo D 
R, Madrekar J N, Cockerill F R, Steckelberg J M, Greeleaf J F, Patel R. 
Soicatio of removed hip ad kee prostheses for diagosis of ifectio. 
N Egl J Med 2007; 357 (7): 654-63.